












Abstract²7KH SDSHU SUHVHQWV FRPSDULVRQ DQG GHVLJQ
FRQVLGHUDWLRQVRISRZHUHOHFWURQLFVWUDQVIRUPHUVLQN+]
N+] UDQJH ,PSURYHG GHVLJQ DOJRULWKPFRQVLVWLQJ RI  VWHSV LV
DSSOLHG )LYH GHVLJQV RI SRZHU WUDQVIRUPHUV XQGHU WKH VDPH
LQSXW SDUDPHWHUV DUH UHDOL]HG EDVHG RQ GLIIHUHQW IUHTXHQFLHV
N+]N+]N+]N+]DQGN+]7KHPDWHULDOXVHG
LV IHUULWH 1 7KH GHVLJQ LV DLPHG DW PLQLPL]LQJ ORVVHV DQG
YROXPH RI WKH FRPSRQHQW $ VHW RI SDUDPHWHUV LV GHILQHG WR
FRPSDUH WKH REWDLQHG GHVLJQ UHVXOWV LQFOXGLQJ RSHUDWLQJ DQG
FRQVWUXFWLRQSDUDPHWHUV7KHREWDLQHGGHVLJQUHVXOWVDUHYHULILHG
E\ FDUULHG RXW VLPXODWLRQV XVLQJ )(0 'HVLJQ FRQFOXVLRQV DQG
JXLGHOLQHVDUHGHULYHGEDVHGRQWKHFRPSDULVRQRIWKHFDUULHGRXW
GHVLJQV UHJDUGLQJ WKH LQIOXHQFH RI RSHUDWLQJ IUHTXHQF\ RQ WKH
WRWDOSDUDPHWHUVRIWKHSRZHUWUDQVIRUPHUV
Keywords—power electronics transformers, magnetic materials, 
power losses 
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0DJQHWLF FRPSRQHQWV DUH DPRQJ WKH PRVW GHFLVLYH
FRPSRQHQWV LQ SRZHU HOHFWURQLFV HTXLSPHQW ZKHQ WDUJHWLQJ
YROXPH ORVVHV DQG SULFH RI D GHYLFH 7KH SRZHU HOHFWURQLFV
WUDQVIRUPHUV KDYH GLIIHUHQW SDUDPHWHUV ZKHQ YDU\LQJ WKH
RSHUDWLQJ IUHTXHQF\ 7KH LQIOXHQFH RI WKH IUHTXHQF\ RQ WKH
GHVLJQLVLQDIHZGLUHFWLRQVSRVVLELOLW\WRUHGXFHWKHFRUHVL]H
EXW LQ WKH VDPH WLPH LQFUHDVLQJ HGG\ ORVVHV LQ WKH FRUH DQG
FRSSHU 7KH SDSHU FRPSDUHV DQG JXLGHOLQHV WKH GHVLJQ RI
SRZHU HOHFWURQLFV WUDQVIRUPHUV LQ  N+]   N+] UDQJH
EDVHGRQIHUULWHV
,, (''<&855(17&$/&8/$7,216
7KH FULWLFDO DVSHFW LQ VXFK D ZLGH IUHTXHQF\ UDQJH LV
FDOFXODWLRQRIHGG\FXUUHQWORVVHVLQZLUHV7KHWUDGLWLRQDODUHD
SURGXFWPHWKRGGLVFXVVHGE\0F/\PDQ>@GRHVQRWFRQVLGHU
HQRXJK HGG\ FXUUHQW ORVVHV LQZLQGLQJV(GG\ FXUUHQW ORVVHV
LQFOXGLQJ VNLQ DQG SUR[LPLW\ HIIHFWV LQ WUDQVIRUPHUV DUH
GLVFXVVHGE\'RZHOO>@DQGPDQ\RWKHUSDSHUV>@>@ZKLFK
DUH UHODWHG WR VRPH H[WHQW WR 'RZHOO¶V LQWHUSUHWDWLRQ DQG
UHVXOWV 3UDFWLFDOPHWKRGV WRPRGHOPHDVXUH WUDQVIRUPHU FRUH
ORVV LQ KLJKIUHTXHQF\ PDJQHWLF FRPSRQHQWV DUH SURSRVHG LQ
>@ >@ >@ 7KHUPRJUDSKLF DQDO\VLV RI SRZHU FRQYHUWHUV
LQFOXGLQJ DOO WKH FRPSRQHQWV LVSUHVHQWHG LQ >@7KHSXUSRVH
RI WKH SDSHU LV WR SUHVHQW DGYDQFHG GHVLJQV RI SRZHU
WUDQVIRUPHUV IRU GLIIHUHQW IUHTXHQFLHV DQG WKXV WR GLUHFW WR
FRUUHVSRQGLQJFRQFOXVLRQVRIIUHTXHQF\LQIOXHQFHRQWKHPDLQ
RSHUDWLQJ SDUDPHWHUV 7R FDOFXODWH WKH HGG\ FXUUHQW ORVVHV LQ
ZLUHV DQRYHO DSSURDFK LVDSSOLHG DQG IXUWKHU GHYHORSHG7KH
DSSOLHGLQ WKHSDSHUDSSURDFKLQFOXGHVDJOREDOORVV IDFWRUkcZKLFK UHSUHVHQWV WKH UDWLR EHWZHHQ WKH HGG\ FXUUHQW ORVVHV
FRPSDUHGWR WKHORVVHVLQWKHRKPLFUHVLVWDQFHRI WKHZLQGLQJ
RIDWUDQVIRUPHU
 Peddy = (R0 · Iac2)kc (1) 
ZKHUH Iac LV WKH $& FXUUHQW FRPSRQHQW R0 LV WKH RKPLFUHVLVWDQFHRIWKHZLQGLQJDQGkcLVWKHJOREDOORVVIDFWRU
7R IDFLOLWDWH WKH GHVLJQ SURFHGXUH D VHW RI JUDSKV DUH
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ILOOLQJ IDFWRU LQ WKH GLUHFWLRQ SHUSHQGLFXODU WR WKH OD\HUȘ  LV
FRSSHU ILOOLQJ IDFWRU LQ WKH GLUHFWLRQ RI WKH OD\HU  mEHTXLYDOHQW OD\HU DQG /) ORZ IUHTXHQF\ DSSUR[LPDWLRQ DUH
LQWURGXFHGDQGGHILQHG>@(TXLYDOHQWIUHTXHQF\feqFDOFXODWLRQLVJLYHQDV
  (2) 
ZKHUH fop LV WKH DSSDUHQW IUHTXHQF\ dp LV WKH SUDFWLFDO ZLUHGLDPHWHUDQGȡcLVWKHFRQGXFWRUUHVLVWLYLW\
7KH ORVV IDFWRUkcGHSHQGV RQ WKH RSHUDWLQJ IUHTXHQF\ fopWKHZLUHGLDPHWHUdpDQGWKHGLVWDQFHEHWZHHQWKHFRQGXFWRUVSUHVHQWHG E\ WKH SDUDPHWHU Ș DQG WKH GLVWDQFH EHWZHHQ WKH
OD\HUVSUHVHQWHGE\WKHSDUDPHWHUȜ
,,,'(6,*15(68/76$1'6(72)3$5$0(7(56
)LYH GHVLJQV RI SRZHU WUDQVIRUPHUV XQGHU WKH VDPH LQSXW
SDUDPHWHUV DUH FDUULHG RXW ZLWK IHUULWH FRUHV 1 ,QSXW
GHVLJQ SDUDPHWHUV YROWDJHV DQG FXUUHQWV RI WKH SULPDU\ DQG
VHFRQGDU\ZLQGLQJVVprim,rms 9Vsec,rms 9Isec.rms $fop N+]N+]$VHWRISDUDPHWHUVRIWKHSRZHUWUDQVIRUPHUVLVGHILQHGWRHVWLPDWHWKHUHVXOWVRIWKHGHVLJQDQG
RSHUDWLQJ TXDOLW\ 7KH VHW LQFOXGHV FRUH VL]H DQG YROXPH
ORVVHV FRSSHU ILOOLQJ IDFWRU )RU WKH FDOFXODWLRQV RI WKH
WUDQVIRUPHUV DQ DOJRULWKP FRQVLVWLQJ RI  VWHSV LV DSSOLHG
SUHVHQWHG LQ >@ 7KH WKHUPDO FDOFXODWLRQV DUH FDUULHG RXW
DFFRUGLQJ SUHVHQWHG LQ >@ >@ DQG >@ PRGHOV 7KH
REWDLQHG GHVLJQ UHVXOWV DUH VXPPDUL]HG LQ 7DEOH  7KH
REWDLQHGUHVXOWVRIWKHDQDO\WLFDOGLPHQVLRQLQJDQGGHVLJQILYH
WUDQVIRUPHUV DW WKH IUHTXHQF\ UDQJH  N+]   N+] 3  
:OHDGWRIROORZLQJFRQFOXVLRQV
• LQFUHDVLQJ WKH IUHTXHQF\ SURYLGHV SRVVLELOLW\ IRU
UHGXFLQJ WKH VL]H YROXPH DQG WRWDO ORVVHV RI WKH
FRPSRQHQW




• RSWLPL]DWLRQ DSSURDFKHV WR UHGXFH WKH SRZHU ORVVHV LQ
ZLQGLQJV LQWHUOHDYLQJ KDOI OD\HU DUH VWURQJO\
UHFRPPHQGHG RWKHUZLVH UHGXFLQJ WKH FRUH VL]H LV
LPSRVVLEOH
• XVLQJ/LW]ZLUH LV DGYLVDEOH IRU IUHTXHQFLHVDERYH 
N+]WRUHGXFHGWRWDOSRZHUORVVHV
,96,08/$7216$1'(;3(5,0(17$/9$/,'$7,21
7KH KHDW WUDQVIHU DQG PDJQHWLF ILHOG GLVWULEXWLRQ LQ WKH
GHVLJQHG FRPSRQHQWV DUH PRGHOOHG XVLQJ )(0 7KH PDLQ
RSHUDWLRQ SDUDPHWHUV WHPSHUDWXUH ULVH DQG PDJQHWLF ILHOG
GLVWULEXWLRQDUHREWDLQHG7KHUHVXOWVRI WKHVLPXODWLRQVRI WKH
VL[ WUDQVIRUPHUV SOXV RQH H[WUDDW N+]DUHSUHVHQWHG LQ
)LJ7KHSUHVHQWHGUHVXOWVGHSLFWWKHILHOGGLVWULEXWLRQLQWKH
GLIIHUHQW FRUHV RI WKH GLIIHUHQW WUDQVIRUPHUV XQGHU WKH
FRUUHVSRQGLQJ RSHUDWLQJ IUHTXHQF\ 2QH RI WKH GHVLJQ
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7KH SXUSRVH RI WKLV SDSHU LV WKH FRPSDULVRQ DQG GHVLJQ
JXLGHOLQHV RI SRZHU HOHFWURQLFV WUDQVIRUPHUV LQ N+]± 
N+]UDQJH,PSURYHGGHVLJQDOJRULWKPFRQVLVWLQJRIVWHSVLV
DSSOLHG LQFOXGLQJ D FRSSHU ORVV IDFWRU UHIOHFWLQJ HGG\ FXUUHQW




UHVXOWV LQFOXGLQJ RSHUDWLQJ DQG FRQVWUXFWLRQ SDUDPHWHUV 7KH
REWDLQHGGHVLJQUHVXOWVDUHYHULILHGE\FDUULHGRXW VLPXODWLRQV
XVLQJ )(0 'HVLJQ JXLGHOLQHV DUH GHULYHG EDVHG RQ WKH
LQIOXHQFHRIRSHUDWLQJIUHTXHQF\RQWKHWRWDOSDUDPHWHUVRIWKH
SRZHUWUDQVIRUPHUV
• LQFUHDVLQJ WKH IUHTXHQF\ FRPELQHG ZLWK RSWLPL]DWLRQ
GHVLJQSURFHGXUH\LHOGVUHGXFLQJWKHFRPSRQHQWZHLJKW
DQGVL]H
• RSWLPL]DWLRQ DSSURDFKHV WR UHGXFH WKH SRZHU ORVVHV LQ
ZLQGLQJV LQWHUOHDYLQJ KDOI OD\HU DUH VWURQJO\
UHFRPPHQGHG RWKHUZLVH UHGXFLQJ WKH FRUH VL]H LV
LPSRVVLEOH
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RU7KUHH'LPHQVLRQDO)LHOG*HRPHWU\´LQ,(((7UDQVDFWLRQVRQ3RZHU
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